In myelodysplastic syndromes (MDS), anemia responds to recombinant human erythropoietin (rHuEPO) alone and in combination with recombinant human granulocyte-colony-stimulating factor (rHuG-CSF) in 10% to 20% and in 35% to 40% of patients, respectively. We randomly divided 60 patients with low-grade anemic MDS and serum EPO levels lower than 500 IU/L (500 mU/mL) into 2 groups: rHuEPO ؉ rHuG-CSF (arm A) and supportive care (arm B). After 12 weeks, those who had erythroid responses were given rHuEPO alone for 40 additional weeks.
Introduction
Myelodysplastic syndromes (MDS) are clonal hematopoietic disorders characterized by ineffective hematopoiesis, peripheral cytopenia, and increased risk for acute myelogenous leukemia (AML). Approximately two thirds of patients with MDS have anemia at diagnosis, and it develops in nearly all the rest as the disease progresses. Many MDS patients require frequent transfusions, leading to secondary hemochromatosis and risk for viral infections. In low-risk MDS, anemia is often the major clinical problem. Anemia significantly affects quality of life and causes significant morbidity in older patients. Cardiovascular diseases are often aggravated. Treatment of anemia with recombinant human erythropoietin (rHuEPO) alone is effective only in a small percentage of MDS patients. A meta-analysis of 205 patients with MDS showed that 16% responded to rHuEPO alone. 1 Patients who responded to treatment had no or limited transfusion requirements. Granulocytecolony-stimulating factor (G-CSF) and granulocyte macrophagecolony-stimulating factor (GM-CSF) increase neutrophil counts, do not increase the risk for leukemia, and have no effect on survival. [2] [3] [4] When combined with myeloid cytokines, rHuEPO can have synergistic effects on erythropoiesis in vitro. 5, 6 Some clinical studies have shown that the combination of rHuG-CSF and rHuEPO has a better response rate (40%-50%) than rHuEPO alone. [7] [8] [9] [10] [11] [12] However, none of these clinical trials were randomized, and cost analyses and quality-of-life evaluations are lacking. In one randomized study, the response rate was similar with GM-CSF plus EPO and with placebo 4 In these studies, only a small proportion of subjects with baseline serum EPO concentrations exceeding 500 IU/L (500 mU/mL) responded to treatment. 9 Therefore, we designed a multicenter randomized trial comparing treatment with rHuEPO plus rHuG-CSF and supportive care in patients with MDS who had serum EPO concentrations lower than or equal to 500 IU/L (500 mU/mL) to determine the effect of this treatment on anemia. Total direct costs of the 2 treatment alternatives and the effect of these treatments on quality of life were also evaluated.
Patients, materials, and methods

Study site and design
Subjects with MDS from 15 French hospitals (including 13 teaching hospitals, 6 of which belong to the Assistance Publique-Hôpitaux de Paris or the Public Hospital Organization of the Paris region) were included between January 1999 and April 2000. An ethics committee from Hôpital Henri Mondor (Créteil, France) approved the protocol, and each subject signed an informed consent form. Subjects were randomly assigned to 1 of 2 treatment groups by means of a central procedure. Treatment allocation was balanced at each center in blocks of 4.
Subjects
Inclusion criteria were (1) age 18 years and older; (2) diagnosis of refractory anemia (RA), RA with ringed sideroblasts (RARS), and RA with excess blasts (RAEB) with less than 10% marrow blasts according to the French-American-British (FAB) classification; (3) hemoglobin (Hb) concentration less than 100 g/L (10 g/dL) for at least 2 months or at least 2 U red blood cells (RBCs) transfused in the previous 2 months; (4) serum EPO concentration 500 IU/L (500 mU/mL) or lower; and (5) written, informed consent. Exclusion criteria were (1) cardiac, pulmonary, neurologic, digestive, or genitourinary disease unrelated to MDS; (2) intensive chemotherapy in the previous 3 months; (3) treatment with rHuEPO or rHuG-CSF in the previous 2 months; (4) Eastern Cooperative Oncology Group (ECOG) score equal to 4; (5) deficit in iron, vitamin B 12 , or folic acid; (6) hypertension (systolic arterial pressure higher than 160 mm Hg); and (7) life expectancy less than 6 months.
Treatment
Subjects were randomly assigned to 1 of 2 groups. Arm A received rHuEPO (epoetin alfa [Eprex] , kindly supplied by Ortho Biotech, Division of Janssen-Cilag, Paris, France) and rHuG-CSF (lenograstim [Granocyte 13], kindly supplied by Laboratoire Aventis and Chugai Pharma France, Paris) for 12 weeks. rHuEPO and rHuG-CSF were subcutaneously (SC) administered (either by the subject or a nurse). Both rHuEPO (20 000 IU) and rHuG-CSF (105 g) were given 3 times a week. The dose of rHuG-CSF was then adjusted so that the white blood cell (WBC) count remained between 5 ϫ 10 9 /L and 1 ϫ 10 10 /L, or double the initial number of WBCs. Subjects considered responders after 12 weeks of treatment were given rHuEPO alone for another 40 weeks. rHuG-CSF was reintroduced if anemia recurred.
Subjects in arm B received supportive care for 52 weeks, which included RBCs to maintain the Hb level above 80 g/L (8 g/dL) and normal iron chelation treatment. Subjects were only evaluated if the combination of rHuEPO and rHuG-CSF was given for at least 12 weeks.
Response criteria
A major erythroid response was defined as an increase in Hb concentration to at least 115 g/L (11.5 g/dL). A minor response was defined as an increase in Hb concentration of 15 g/L (1.5 g/dL) or more or as a stable Hb concentration without the need for transfusion.
Cost evaluation
Information on resource use was prospectively collected throughout the clinical trial. Each center investigator interviewed the center's subjects concerning the resources used throughout the study. The costs of these compulsory visits were not included in the cost evaluation because they could not be considered standard care (the number of visits was the same in both groups). Analysis was conducted from the perspective of the French healthcare payer and the hospital. Costs were calculated in euros (€), and the base year for the study was 2000. Because treatment duration lasted 1 year, cost discounting was unnecessary.
Only direct costs were considered in the analysis. We collected data about transfusions, transport, medication (epoetin alfa and lenograstim), nurse visits, other healthcare professional visits, examinations, and hospital stays linked to MDS.
Transfusions were performed on an outpatient basis, and their real cost to the hospitals (materials, transport, medical examinations, doctors' and nurses' wages for the time spent performing transfusions, number of units of RBCs and platelets, iron chelation treatment) was calculated. Costs were based on the activity of Cochin Hospital (the participating center with the most subjects). Wages were based on those of the Assistance PubliqueHôpitaux de Paris (AP-HP). Drug costs were based on the purchase price by AP-HP hospitals (epoetin alfa, lenograstim, and deferiprone [Ferriprox] ) or on the recommended retail price (especially deferoxamine [Desferal] ). We used official prices for public transport. For ambulance and private car costs, we used the tables published in the Journal Officiel de la République Française. 13 Costs of visits from healthcare professionals were based on the "General Nomenclature of Professional Acts." To calculate costs for hospital stays, we used the diagnosis-related group (DRG) method for each admission. Data were retrieved from the hospitals' information systems, and the cost of an admission was derived from the French Ministry of Health national cost database. 14
Quality of life
Quality of life (QOL) was evaluated at baseline and at weeks 12, 28, and 52 using an international validated QOL instrument, the Functional Assessment of Cancer Therapy-Anemia (FACT-An) questionnaire. FACT-An includes the 28-item Functional Assessment of Cancer Therapy-General (FACT-G) questionnaire, which measures the 4 general domains of QOL (physical, social/family, emotional, and functional well-being) and 20 additional questions regarding anemia, called the anemia subscale. Thirteen of these 20 items represent the fatigue component and are called the fatigue subscale, and the other 7 are called the nonfatigue subscale. This instrument has been validated to assess QOL in subjects experiencing fatigue and other anemia-related symptoms, and it has been shown to be reliable. 15, 16 We used a validated French version of this scale. 17 
Evaluation criteria
The primary end point was hematopoietic response at 12 weeks, based on the increase of Hb concentration and the modification of transfusion needs as defined in response criteria. Secondary end points were the cost study and the QOL measurement during the 1-year study period.
Statistical analysis
Analyses were made on an intention-to-treat basis. Experimental values are given as mean Ϯ SEM. Proportions of responders in each arm were compared using the 2 test. As described previously, QOL was measured at baseline and at weeks 12, 28, and 52. We took into account estimates of the minimal clinically importance differences (CIDs) provided by Cella et al. 18 The CID in a QOL score is defined as "the smallest difference in score in the domain of interest that patients perceive as beneficial." Estimates used were 7.0 (total FACT-An score), 3.0 (fatigue subscale), and 6.0 (anemia subscale). We compared percentages of subjects with clinically significant improvement in the 2 groups using the Fisher exact test. Costs are given as mean, standard deviation, median, and range costs per subject. 19 We first present costs of treatment for all subjects included in arm A and arm B. We then present costs of treatment for all subjects who completed 1 year of treatment.
Results
Description of subjects
Sixty subjects (30 men and 30 women) were included in the study, with 30 subjects in each arm. Median age was 72 years (range, 43-89 years). Twenty subjects had RA, 26 had RARS, and 14 had RAEB (with less than 10% marrow blasts). Characteristics of the subjects at inclusion are shown in Table 1 .
Three subjects from arm A (receiving rHuEPO ϩ rHuG-CSF) withdrew after 1, 8, and 10 weeks, respectively (2 refused further treatment, and 1 acquired acute myeloid leukemia). Three subjects from arm A died of causes unrelated to the study treatment (2 after cardiac failure and 1 after hip fracture) in weeks 5, 8, and 10, respectively. Therefore, the erythroid response was evaluated in only 24 subjects at 12 weeks. All but 3 subjects requested help from a nurse for the injections.
In arm B, 2 subjects died (1 of septic shock and 1 of hemorrhage after a fall) after 8 and 12 weeks, respectively, and 2 were lost to follow-up after 4 and 10 weeks. Thus, 26 subjects reached the 12th week (Figure 1) .
After the initial 12 weeks of treatment, 3 other subjects from arm A died (one from cerebral hemorrhage, one from cardiac failure and one from a stroke) as did 2 from arm B (one from acute cardiac failure and one from a stroke). Therefore, 21 and 24 subjects from arms A and B respectively completed the trial.
Treatment results
Evaluation at week 12. Ten (42%) of the 24 subjects from arm A who completed the trial had erythroid responses compared with 0 of 26 in group B (P ϭ .01) ( Table 2) . Eight subjects showed minor responses (3 subjects had increased Hb concentrations, and 5 subjects became transfusion independent), and 2 had major re- Maintenance phase. Two subjects from arm A declined further treatment for personal reasons, and only 8 subjects continued treatment with rHuEPO alone after 12 weeks. Anemia relapsed in 6 of these 8 subjects. In 4 subjects, rHuG-CSF was reintroduced and anemia was corrected. The 2 other subjects refused treatment with rHuG-CSF and continued treatment with rHuEPO alone. One subject (rHuEPO alone) decided to stop treatment after 28 weeks, and another subject (rHuEPO ϩ rHuG-CSF) stopped treatment after 44 weeks because of progression to AML. Six subjects continued treatment until week 52, including 3 treated with rHuEPO ϩ rHuG-CSF and 3 treated with rHuEPO alone (Figure  2) . At the end of the 1-year period, 3 subjects (one treated with rHuEPO alone and 2 treated with rHuEPO ϩ rHuG-CSF) still had minor responses: they were transfusion independent and had stable Hb concentrations. The 3 other subjects had relapses and received transfusions between weeks 44 and 52.
Adverse effects. No adverse effects were attributable to rHuEPO or rHuG-CSF. One subject from arm A progressed to AML after 10 weeks of treatment, and another from arm B did so 20 weeks after inclusion. None of the deaths were linked to the treatment evaluated in the study.
Cost evaluation. First, we used intention-to-treat analysis to evaluate data concerning all subjects during the 1-year study period-30 subjects in arm A and 29 subjects in arm B (1 subject in arm B was not included because he was lost very early during follow-up, and no cost data were available) ( Table 3) . Mean costs per subject were € 26 723 (Ϯ € 13 109) and € 8 746 (Ϯ € 6 731), respectively, in arm A and arm B. This difference was mainly attributed to the cost of drugs (€ 19 121 in arm A compared with € 0 in arm B).
There was no difference in transfusion costs for arms A and B. In arm A, 28 subjects received transfusions of RBCs at least once, 2 subjects received platelets, and 19 subjects received iron chelators compared with 27, 2, and 14, respectively, in arm B.
We then looked at data concerning only subjects who completed the study (Table 4) . The results were similar. However, the mean transfusion cost was much lower for the 6 responders who completed the study than for the other subjects (€ 2085 vs € 7579 for subjects in arm B; Table 4 )
Quality of life
Twenty-nine subjects (96.7%) in arm A and 28 subjects (93.3%) in arm B completed the first questionnaire. These percentages decreased with time: 79.2% and 85.2%, respectively, at week 12; 68.2% and 72.0%, respectively, at week 28; and 50.0% and 66.7%, respectively, at week 52. Baseline total FACT-An, anemia, and fatigue subscale scores were similar for the 2 treatment groups. The total FACT-An scores of the 2 groups remained constant throughout the study. Similar percentages of subjects in arms A and B For personal use only. on April 20, 2017 . by guest www.bloodjournal.org From showed significant clinical improvement (Table 5) . Similar results were obtained with each of the 3 scales analyzed (total FACT-An, fatigue, and anemia subscales). Finally, similar percentages of responders and nonresponders from arm A showed a significant clinical improvement.
Discussion
This is the first randomized trial to compare treatment with rHuEPO plus rHuG-CSF and supportive care. We confirmed that rHuEPO plus rHuG-CSF can correct anemia in patients with MDS and that synergy exists between rHuEPO and rHuG-CSF. However, this combination is expensive, and QOL did not improve significantly.
The overall response rate after 12 weeks of treatment was 42%. This rate was higher for subjects with RA (50%) and lower for those with RAEB (20%), confirming published results. [6] [7] [8] [9] Response criteria used in this study were different from and more stringent than those recently published by the World Health Organization International Working Group (IWG). 20 If we had applied the IWG criteria, 15 subjects would have been considered responders at 12 weeks (62.5% of the eligible subjects, and 50% of the initial group)-7 minor responders (2 based only on transfusion needs, 1 only on Hb concentration, and 4 on transfusion needs and Hb concentration) and 8 major responders (5 based only on transfusion needs and 3 only on Hb concentration).
rHuG-CSF was discontinued at 12 weeks in 8 responders, 6 of whom had relapses. The fact that anemia was reversed in 4 of these 6 subjects when rHuG-CSF was reintroduced is consistent with findings from a previous study. 7 This demonstrates the in vivo synergy between rHuG-CSF and rHuEPO for RBC production in patients with MDS.
Combined treatment was generally well tolerated, as previously reported. [6] [7] [8] [9] [10] [11] Two subjects progressed to AML. As previously reported, 8 there was no indication that treatment with rHuG-CSF and rHuEPO increased the number of bone marrow blasts or caused progression to acute leukemia.
The rHuG-CSF and rHuEPO treatment was 3-to 4-fold more expensive than supportive care, primarily because of medication costs. On the contrary, transfusion costs were lower for the 6 subjects in arm A who completed the study than for the other subjects. Costs for disease follow-up were also lower for arm A than for arm B. This difference was primarily because 2 arm A subjects were hospitalized compared with 5 arm B subjects.
Cost and clinical studies were carried out simultaneously. The cost evaluation was based on all the real costs incurred during the trial. This method reinforces our results. 21, 22 We did not take into account indirect costs. A recent study performed in patients with ovarian cancer and anemia showed that indirect costs represent 34% to 86% of the total treatment cost. 23 However, most patients in that study were retired, making it difficult to evaluate the indirect costs.
These results have important implications on health policy decision-making (ie, reimbursing a new technology). Cost analysis is becoming increasingly important for decision-making in health care. However, cost assessments based on information obtained in one country may not be relevant in another country. A study comparing costs of ovarian cancer treatment showed that anemia management following a specific treatment differs in the United States and Europe: patients in the United States primarily received EPO, whereas those in Europe primarily underwent transfusions. 24 Thus, our results may not be applicable in another health care system with different practices and costs. For example, our results were highly dependent on the retail prices of drugs.
The QOL values observed were similar to those obtained in previous studies using the FACT-An questionnaire performed in samples with the same hemoglobin concentration. 15, 16 No difference in QOL was revealed by the percentages of subjects showing significant clinical improvement in the different groups. These results do not confirm the results of a recent publication 25 that showed a significant improvement of QOL among similar patients. However, this study used a different QOL scale (QLQ-C30; European Organization for Research on the Treatment of Cancer [EORTC]) and was not randomized.
A larger study on QOL in patients with myelodysplasia would be useful. Our results were limited by the number of subjects in our The mean hemoglobin concentration (Ϯ SEM) among all responders was 104 Ϯ 13 g/L.
study and by the amount of missing data (50%-66% at the end of the study). In almost all trials with QOL end points, the proportion of subjects completing questionnaires decreases over time. 26 In our study, the percentages of subjects who answered the QOL questionnaires are similar to those of other studies. In a recent study on MDS, less than 70% answered the first QOL questionnaire. 25 Even though we observed no difference in age and hemoglobin concentration between subjects who answered the QOL questionnaire and those who did not, this low return rate might have influenced our results. Increased hemoglobin concentrations have been associated with improvements in QOL, but it is possible that the increase in hemoglobin concentration observed in our study was too small to affect QOL. It has been suggested that QOL improvements are maximal when Hb concentrations exceed 110 g/L (11 g/dL). 27, 28 Costs are given in euros (€1 ϭ $1.20). Patient populations are as follows: 52 weeks of follow-up with rHuEPO ϩ/Ϫ rHuG-CSF, n ϭ 6; 52 weeks of follow-up with rHuEOP ϩ rHuG-CSF stopped after week 12, n ϭ 15; and total subjects who completed 52 weeks of follow-up, n ϭ 21. -indicates not applicable. 
